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[57] ABSTRACT

A frangible seal for a fluid path including a frangible
seal member secured within a tube defining the fluid
path. The frangible seal member having a tubular seal
member and a stem extending from the tubular seal
member which, upon bending back and forth, breaks
away from the seal member thereby to rupture the tubu-
lar seal in the fluid path. The tubular seal member and
stem are integrally formed of a non-PVC material. The
tubular seal member will bond to PVC tubing during
steam heating thereof. The tubular seal member and
stem are constructed to provide uniform non-reclosable
rupturing. The stem includes vanes with spurs that
frictionally engage the inner walls of the tube to main-

tain separation of the stem and ruptured tubular seal
member.

12 Claims, 4 Drawing Sheets

/40

d




U.S. Patent July 19, 1994 Sheet 1 of 4 5,330,464

e \

I <=A\ \
i
AN

/20

26

=
.

. l
= \
l s [
o \\\ | \ |

N
N g <t

-
<

<I W)
< % g
g . T X . “—:\{i\\\<‘
==
m‘}
&

= —




5,330,464

09 G

r‘.”""‘.’"""“ LS S N N N N N\ .’.”‘.
YO YA AN LY

l' L

9

Ny,
_ Q""fl”lﬂ
LTS AT T T T U T CTTCC A NWSE S

Sheet 2 of 4

July 19, 1994

U.S. Patent

¢9

05
0€ ~ ¢ 9Ol

tS




5,330,464

Sheet 3 of 4

July 19, 1994

U.S. Patent

QD
O

\‘\‘.‘.\‘\.\\\\\\V‘

28

.I_Il

(272700778 LLLLL

3

(ol L LU L LKL L L L+

o
4

\\«\\\.\.\\\.\\\\\\\b«.&\\\\\\\\\\is 22222077222

L Ll Ll A S/ ,\——

\t\\\.\\\s\\\.\\\\.\\.\\\%\\l\\i.l.!.l!l.i\i\\\\\\\h

— =T

22

FIG. /7



5,330,464

Sheet 4 of 4

July 19, 1994

U.S. Patent

L

N LLLLLLLS S S S

f\.\.\.\\\\n\\;\.\g_

.1.““.\*\\&

) 0

S‘lﬂ!\‘.‘.&\‘\’ A hZ
(222 27

-
O

'e O
__ i~ S _r

<
<t

Q\L\‘.‘.\.\\‘ \\..

AN
N

o ek b L L L L L LLLL K. o/ L (¢ b d o tod £ X LTV 777727

=
T~ _
57

\“.“.‘.‘\\‘.“l

22

FIG. 8

FIG, 9



5,330,464
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RELIABLE BREAKABLE CLOSURE MECHANISM

BACKGROUND OF THE INVENTION

The present invention generally relates to frangible
seals, 1.e. breakable closures, for allowing fluid commu-
nication in a sealed conduit. More particularly, the in-
vention relates to a frangible seal for providing fluid
communication between a plurality of isolated contain-
ers, for example blood bags.

In a variety of applications, it is desirable to sepa-
rately store components of a mixture for subsequent
mixing. The components can be separated and isolated
by what hereinafter generically will be referred to as a
frangible seal, which is ruptured to provide communica-
tion between containers in which the separate compo-
nents are stored.

Additionally, in the area of blood transfusions, whole
blood i1s rarely used to perform a transfusion. Instead, in
order to make an effective use of the blood, it is sepa-
rated into components and the various components are
placed in separate bags.

To this end, there has been provided a so-called mul-
tiple bag which is integral, closed and sterile-sealed, and
may be manipulated wholly from outside itself and in
which a plurality of plastic blood bags are mutually
connected by means of connection tubes. Whole blood
1s collected into a collecting bag and thus, subject to
centrifugation thereby to separate the components.
However, to prevent unseparated blood from scattering
Into a connection tube, a rupturable seal is provided.

In another related field, a procedure known as contin-
uous ambulatory peritoneal dialysis is used to treat End
Stage Renal Disease. The continuous ambulatory peri-
toneal dialysis procedure.is intended to be a patient
self-care technique once a catheter is surgically im-
planted in the patient. In this procedure, a dialysis solu-
tion 1s infused into the peritoneal cavity of the patient.
The dialysis solution is stored in a bag that can be con-
nected to the catheter.

In both of these fields, frangible seals and flexible
tubes are used to effect communication between the
blood bags or the dialysis solution and the catheter,
respectively.

In this regard, in U.S. Pat. No. 4,007,738, there is
discussed a mechanism for allowing blood bags to com-
municate with each other comprising a connection pipe;
a connection tube for connecting a first blood bag to a
second blood bag, the connection tube being fitted into
and secured to the connection pipe having a sealed
portion, one end thereof on the side of the second blood
bag being fitted into and secured to the connection tube:
and a breakable small thickness section formed at the
communication pipe between the sealed portion and the
secured end thereof. Communication between the first
and second bags is rendered effective by breaking the
communication pipe at the small thickness portion.

In U.S. Pat. No. 4,181,140, there is disclosed a frangi-
ble resealable closure for a flexible tube having hold
open means. Valve means in a flexible tube, for example,
tubing for connecting blood bags, are provided which
comprises a tubular portion having a closed end, and an
elongated generally rigid member carried on the exte-
rior of the closed end and positioned within the flexible
tube. Frangible means are provided to permit the open-
ing of the closed end by manual manipulation of the
elongated member from outside of the flexible tube.
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The elongated, rigid member is adapted to fit in seal-
ing relationship within the tubular portion after opening
of the closed end, to permit resealing of the valve. The
elongated, generally rigid member carries longitudinal

~vanes to provide flow channels along its length. A pair

of the vanes in opposed relationship extend rearwardly
of the end of the central portion of the rigid member,
and the flexible tube defines a bore portion positioned to
receive and resiliently hold the opposed vanes when the

frangible means is broken and the rigid member is sepa-

rated from the tubular portion.

It is discussed that the vanes may be of unequal
length. The flexible tube surrounding the rigid member
may then define a conical portion, positioned to receive
and resiliently hold the longer vanes after the frangible
means have been broken and the rigid member sepa-
rated from the tubular portion.

The elongated, generally rigid member also includes
a tapered portion for fitting within the bore of the tubu-
lar portion after opening for reclosing the structure
again. Thus, the discussed frangible seal also functions
as a frangible resealable closure.

However, studs are provided to project outwardly
from the elongated, rigid member to prevent the acci-
dental complete insertion of the elongated member into
the bore which could render the removal of the member
difficult at a later time. The studs bear against the end of
the tubular portion when the elongated member is in-
serted into its proper depth, preventing further inser-
tion.

In U.S. Pat. No. 4,294,247 there is discussed another
frangible, resealable closure for a flexible tube.

In U.S. Pat. No. 4,340,049 there is discussed another
frangible seal in the form of a break-away valve com-
prising two parts: a tubular portion with a closed end;
and an elongated, generally rigid handle breakably at-
tached to the closed end. The elongated handle has
projections which frictionally contact the interior sur-
face of the flexible tube and prevent the elongated han-
dle from moving back into a closed position once the
elongated handle has been broken.

The valve may be used in conjunction with tubing
and a plastic container of a dialysis solution. The valve
is opened by breaking away the elongated, generally
rigid handle and moving (i.e., “walking”) the rigid han-
dle down the tube by folding the tube back and forth
upon itself. The projections of the rigid break-away
handle have sufficient frictional contact with the inside
of the tube to assure that the handle will not move back
into contact with the tubular portion, and the valve will
remain open.

SUMMARY OF THE INVENTION

The present invention provides an improved frangi-
ble seal for a fluid path. To this end, the invention pro-
vides a frangible seal for a fluid path with more uniform
rupturing. Moreover, the invention provides a fluid
path frangible seal with greater flow area after ruptur-
ing of the seal.

In an embodiment, the invention provides a frangible
seal member comprising a rigid plastic tubular seal
member with an attached rigid plastic elongated mem-
ber or stem. The seal member includes a closed end
from the exterior of which the stem axially extends. The
seal member and stem are formed of a non-polyvinyl
chloride material.

In an embodiment, the invention provides that the
non-polyvinyl chloride material is a polycarbonate.
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In an embodiment, the invention provides that the
stem includes vanes with spurs projecting outwardly
from the stem. At the base of the stem are included
several “flying buttresses” projecting outwardly from
the stem. These flying buttresses are constructed so that
they engage a bottom interior rib in a tubing in which
the frangible seal member is positioned. These flying
buttresses are designed so that they frictionally contact
the interior surface of the flexible tube. When the tube is
externally folded back and forth upon itself, the stem
moves only one way and the leading edge corners of the
flying buttresses as well as the bottom interior rib pre-
vent the stem from moving back into a closed position
once the stem has been broken.

In an embodiment, at the top of the stem are included
spurs projecting outwardly from the stem. These spurs
do not interfere with the interior surface of the tube
before rupture, but as soon as the tube is folded the
spurs frictionally engage inside a compartment or cham-
ber of the tube having a slightly smalier inside diameter.
‘This chamber also comprises a second interior rib. A
folding of the tube back and forth breaks the stem with
a click noise and the stem moves upwardly in the tube,
progressively separating from the tubular portion.

In an embodiment, the invention provides a frangible
seal comprising a tubular housing through which fluid
communication is to be made and a frangible seal mem-
ber positioned therein. The tubular housing comprises
one chamber with a first diameter and a first interior rib
in which the unruptured frangible seal member is posi-
tioned and an adjacent chamber with a second interior
rib. The frangible seal member is as described above and
the tubular seal member is secured in sealing engage-
ment to the interior of the first chamber.

In an embodiment, the invention provides a tubular
housing wherein the second chamber has a reduced
diameter with respect to the first chamber.

In yet another embodiment, the invention provides a
delivery system comprising two containers intercon-
nected for fluild communication by a flexible tubing, the
tubing being coupled to a tubular housing which, in
turn, is coupled to one of the containers. The tubular
housing preferably is as described above. Disposed
within the tubular housing is a frangible seal member as

described above.
- In a preferred embodiment, the tubular seal member
of the frangible seal member is press-fitted inside the
tubular housing at a sufficient depth to allow for radio-
frequency sealing of the tubular housing to the sheetings
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of a bag, but with the tubular frangible seal member 50

being placed outside of the radio-frequency seal area so
that it will seal to the inner walls of the tubular housing
by fusing thereto during heat sterilization. Such fusing
or adhesive properties are described, for example in

German Patent No. De 32 38 836, the teachings of 55

which are fully incorporated herein by reference.

Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred em-
bodiments and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a double blood bag system for
which the present invention is particularly useful.

FIG. 2 illustrates in perspective view an unruptured
frangible seal member of the present invention.

FIG. 3 illustrates a side view of the frangible seal
member of FIG. 2.
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FIG. 3A illustrates a detail of the frangible seal of

FIG. 3. | - |

F1G. 4 illustrates an end view of the frangible seal
member of FIGS. 2 and 7.

FIG. 5 illustrates in longitudinal sectional view a
cannula housing for use with the frangible seal member
of FIGS. 2-4. |

FIG. 6 illustrates in longitudinal sectional view a

cannula with an unruptured frangible seal member.

FIG. 7 illustrates in longitudinal sectional view a
cannula with a ruptured frangible seal member.

FIG. 8 illustrates in longitudinal sectional view a
Y-shaped cannula with an unruptured frangible seal
member.

FIG. 9 illustrates in longitudinal sectional view a
Y-shaped cannula with a ruptured frangible seal mem-
ber.

DETAILED DESCRIPTION OF THE
PRESENTLY

PREFERRED EMBODIMENTS

In accordance with the invention, a frangible seal can
be provided for a fluid path wherein a frangible seal
member 1s secured in sealing engagement within a fluid
path conduit, the conduit including two retaining ribs.
The frangible seal member can include a tubular seal
member with a closed end and a stem integrally at-
tached to the exterior of the closed end and extending
axially therefrom.

The seal member and stem can be integrally formed
of a non-PVC material so that the frangible seal member
will adhere to the fluid path conduit during heating, for
example during heat sterilization, thereof. Further, the
stem can be provided with vanes having spurs and fly-
ing buttresses that are so constructed and arranged that
upon separation of the stem from the seal member, a
bottom rib 1n the interior of the conduit will engage the
flying buttresses to maintain the stem and seal member
in separated positions while a top rib in the interior of
the conduit prevents the spurs rom occluding the end
portion of the conduit.

In FIG. 1 there is illustrated a double blood bag sys-
tem 20 for which the present invention is particularly
useful. Of course, the illustrated system 20 is merely
illustrative of the many uses to which the present inven-
tion can be put.

In the double blood bag system 20 of FIG. 1, a first
bag 22 imnitially contains an anticoagulant solution which
is 1solated from an empty bag 24 with a conduit 28
comprising flexible polyvinyl chloride (PVC) tubing.
After collection through the donor tube 26 of whole
blood in the bag 22, the double blood bag system is spun
to separate, or sediment, out the blood cells from the
plasma. The plasma is then expressed with an extractor
from the collection bag 22 into the second bag 24 after
rupturing of the frangible seal 40.

A flexible conduit or tube 28, made of, for example
PVC, 1s secured for fluid communication between bags
22 and 24. In a tubular housing 30 via which the tubing
28 1s secured to the bag 22, a frangible seal member 40
1s positioned, thereby to provide the frangible seal be-
tween the two bags 22 and 24.

Initially, the frangible seal 40 prevents fluid commu-
nication between the bags 22 and 24. However, upon
proper rupturing of the seal 40, fluid communication is
permitted between the bags 22 and 24. With blood bag
systems, 1t is particularly important to ensure reliable
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maintenance of the flow once the frangible seal has been
ruptured. Moreover, it is important to minimize the
blood flow restriction in the seal.

'To this end, a frangible seal member 40 such as that
illustrated in FIGS. 2-4 is provided by the present in-

vention. With reference to FIGS. 2-4, the frangible seal

member 40 will now be described in greater detail.

As illustrated, the frangible seal member 40 includes a
tubular seal member 42 and an elongated, rigid member
or stem 44 extending therefrom. The tubular seal mem-
ber 42 generally comprises a tubular portion having a
closed end 46 from the exterior of which axially extends
the stem 44.

By bending the stem 44 back and forth one is able to
rupture the stem 44 along a path 47 at the base of the
cylindrical portion 43. This allows the stem 44 to be
separated from the closed end 46 of the seal member 42
thereby permitting flow therethrough.

The rupture of the closed end 46 is made easier and
more reliable by the choice of a rigid non-polyvinyl
chlonide plastic material, for example, polycarbonate.
Polycarbonate is a preferred material because its hard-
ness and dimensions remain unchanged during heat
sterilization.

The closed end 46 of the tubular seal member 42
preferably comprises a seal membrane 47 whose thick-
ness, in sectional view, diminishes from the outside to
the inside of the tubular portion. The membrane us
designed so that the rupture takes place along the thin-
nest area which corresponds tot eh path having the
diameter of the cylindrical portion 43. With this con-
struction, the rupture is forced to become localized
along a given circle where the membrane thickness is
minimal 47.

The choice of a polycarbonate as the plastic material,
also provides a frangible seal member 40 with strong
mechanical resistance to movement of the stem 44 and
allows for reduced sizing of the stem 44. As illustrated
in FIGS. 6-9, the reduced diameter of a central axial
portion 54 of the stem 44 provides an appreciably clear
annular passage for fluid between the stem 44 and an
mner diameter of the tubular housing 30. In the illus-
trated blood bags application, the section surface of this
passage 1s more than twice that of the sectional surface
of prior arrangements.

As also illustrated in FIGS. 24, the stem 44 prefera-
bly includes four vanes 50 extending radially therefrom
at the outer extremities of which are formed four re-
spective spurs §2. These spurs 52 serve to frictionally
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engage with inner walls 45 of the second chamber 62 of 50

the conduit once the frangible seal is broken by back
and forth bending of the stem 44.

During the back and forth bending of the tube, the
flying buttresses 58 engage the first interior vane 50
while the spurs 52 engage the restricted second cham-
ber 62. The successive back and forth bending moves
the stem 44 away from the tubular portion 42 by “walk-
Ing”’ or “creeping > up the cannula housing 30. The top
interior rib 53 limits the progression of the stem so that
the end portion of the housing 64 mating to the tubing
1s not occluded by the spurs 52. The top and bottom
interior ribs maintain the stem 44 and tubular seal mem-
ber 42 1n spaced apart relation.

The progression of the stem 44 towards the top inte-
rior rib 53 by successive bending is made easier by the
presence of the four flying buttresses 58 that also extend
radially from the stem 44. These flying buttresses 58 are
designed with leading edge corners 59 that are oriented
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so that they facilitate the axial insertion of the frangible
seal member 40 1n the cannula housing 30 as well as the
creeping up effect during the bendmg

The foregoing construction is partlcularly apphcable
in situations where during compression of the bags 22
and 24, the frangible seal undergoes favorable and non-
favorable flow directions. The stem 44 1s held separated
from the seal member 42 no matter what direction the
fluid flows.

In FIG. §, there is illustrated in greater detail the
tubular housing 30 of FIG. 1. As illustrated, the tubular
housing 30 is generally tubular and includes three inter-
connected and axially aligned chambers 60, 62, and 64.
The first chamber 60 is constructed to fit into an open-
ing in the edge of the seal of the bag 22, i.e. between the
sheetings thereof, and to be sealed therein by means of,
e.g., radio frequency welding. It includes an interior rib
56. This rib 56 is constructed for engagement with the
leading edge corners §9 of the stem 44 once the stem has
been separated from the tubular seal member 42, as
previously described.

The second chamber 62 preferably has a relatively
smaller interior diameter with respect to that of the first
chamber 60 and includes another intenor rib 53. This rib
53 is constructed for limiting the progression of the stem
44, as previously described.

The third chamber 64 has a relatively smaller interior
diameter than that of the second chamber 62 as well as
a reduced outer diameter so as to mate with the flexible
tubing 28. The reduced interior diameter is protected
from being occluded by the spurs §2 of the stem 44 by
the second interior rib 53.

The first and second chambers 60 and 62 are con-
structed to have lengths such that the leading edge
corners 59 of the stem 44 will not engage the bottom
interior rib 56, unless and until the stem 44 has been
separated from the seal member 42. Moreover, the
lengths are selected so that once the flying buttresses 58
do so engage the rib 56, the stem 44 is maintained at a
distance from the seal member 42 to ensure adequate
flow through the rupture opening in the seal member
42.

In FIGS. 6 and 7, the rupture of the frangible seal
member 40 1s illustrated. As illustrated in FIG. 6, ini-
tially the frangible seal member 40 is secured within a
suttable tubular housing, such as the illustrated tubular
housing 30, such that the tubular seal member 42 is
sealingly secured to the interior of the walls of the
chamber 60. This sealing engagement is provided by the
fusion or adhesion of the non-PVC seal member 42 to
the PVC tubular housing 30 during heat sterilization.
The spurs 52 of the stem 44 do not adhere to the tubular
housing because the interior diameter of the chamber 60
1s sufficiently larger than the overall diameter of the
spurs 2.

As illustrated in FIG. 7, once the frangible seal 40 is
ruptured by back and forth bending of the stem 44, the
stem 44 1s caused to “walk” or “creep” away from the
seal member 42 until the spurs 52 are captured within
the second chamber 62. At that time, four channels are
provided by the vanes 50 through which fluid such as
blood components can flow. As discussed above, the
use of a non-PVC material in the formation of the stem
44 allows for a reduced diameter central portion 54
thereby allowing for enlarged flow channels through
the vanes 50.

As illustrated in FIGS. 8 and 9, a frangible seal mem-
ber such as the frangible seal member 40 can also be
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used in a Y-shaped tubular housing 80, by making neces-

sary modifications.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. Such changes and modifications can be made with-
out departing from the spirit and scope of the present
invention and without diminishing its attendant advan-
tages. It is therefore intended that such changes and
modifications be covered by the appended claims.

We claim: |

1. A fluid path having a frangible seal, comprising:

a substantially tubular housing having first, second,
and third chambers aligned along an axis, the first
chamber including an interior rib, the second
chamber interconnecting the first and third cham-
bers, the second chamber having an interior rib;
and

a frangible seal member secured within the first
chamber of the tubular housing, the frangible seal
member made of a rigid, non-polyvinylchloride
plastic and comprising;:

a tubular seal member secured in sealing engagement
to the interior of the first chamber, the tubular seal
member having a closed end with a rupturable
membrane facing the second chamber of the tubu-
lar housing;

a stem attached to and extending axially from the
rupturable membrane of the tubular seal member
toward the second chamber of the tubular housing;
and

a plurality of vanes extending radially from the stem,
at least two of the vanes having spurs formed on
extremities thereof and constructed to frictionally
engage the inner walls of the second chamber of
the tubular housing when the stem is separated
from the tubular seal member.

2. The fluid path of claim 1, wherein the rupturable
membrane of the closed end of the tubular seal member
includes an annular edge disposed interiorly of an outer
periphery of the tubular seal member to provide a path
along which rupturing of the membrane can be initi-
ated.

3. The fluid path of claim 1, wherein the non-
polyvinylchloride plastic employed in the frangible seal
member is a polycarbonate.

4. The fluid path of claim 1, wherein the frangible seal
member includes a plurality of flying buttresses located
on a second extremity of the vanes.

5. A delivery system, comprising:

two containers;

a flexible tubing interconnecting the two containers
for fluid communication therebetween;

a substantially tubular housing secured in fluid com-
munication to one container, the tubular housing
having first, second, and third chambers aligned
along an axis, the second chamber interconnecting
the first and third chambers, the first and the sec-
ond chambers having an interior rib; and

a frangible seal member secured within the tubular
housing, the frangible seal member made of a rigid,
non-polyvinylchloride plastic and comprising:

a tubular seal member secured in sealing engagement
to the interior of the first chamber, the tubular seal
member having a closed end with a rupturable
membrane facing the second chamber of the tubu-
lar housing;
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a stem attached to and extending axially from the .
rupturable membrane of the tubular seal member to
the second chamber of the tubular housing; and

a plurality of vanes extending radially from the stem,
at least two of the vanes having spurs formed on
extremities thereof and constructed to frictionally
only engage the inner walls of the second chamber
of the tubular housing when the stem 1s separated
from the tubular seal member.

6. The delivery system of claim 5, wherein the non-
polyvinyl chloride plastic used to form the frangible
seal member 1s a polycarbonate. |

7. The delivery system of claim §, wherein the closed
end of the tubular seal member is of diminishing thick-
ness proceeding from an outside edge to an internal axis
of the frangible seal member.

8. The delivery system of claim §, wherein the frangi-
ble seal member includes a plurality of flying buttresses
located at a second extremity of the vanes.

9. The delivery system of claim 8, wherein the flying
buttresses are designed to frictionally engage the inte-
rior ribs of the first chamber.

10. The delivery system of claim 8, wherein the flying
buttresses include leading edges to facilitate the axial
insertion of the frangible seal in the tubular body.

11. A frangible seal member, comprising

a rigid non-polyvinyl chloride plastic tubular seal
member having a closed end with a frangible por-
tion wherein the closed end of the tubular seal
member 1s of diminishing thickness proceeding
toward an internal axis of the frangible seal mem-
ber from an outside edge;

a rigid non-polyvinyl chloride plastic stem integrally
formed with the tubular seal member and extend-
ing axially from an exterior of the frangible portion
and so constructed and arranged that back and
forth bending of the stem will cause the frangible
portion to rupture thereby forming an opening in
the closed end of the tubular member:

at lest two vanes formed on the stem and extending
therefrom at right angles, each of the at least two
vanes terminating in a spur; and

a plurality of extended members formed on the stem
at another end of the vanes and extending at right

~ angles from the stem.

12. A flow path having a frangible seal, comprising:

a tubular housing; and |

a frangible seal member secured in the tubular hous-
ing, the frangible seal member comprising:

a rigid non-polyvinyl chloride plastic tubular seal
member having a closed end with a frangible por-
tion wherein the closed end of the tubular seal
member is of diminishing thickness proceeding
from an outside edge toward an internal axis of the
frangible seal member;

a rigid non-polyvinyl chloride plastic stem integrally
formed with the tubular seal member and extend-
ing axially from an exterior of the frangible portion
such that back and forth bending of the stem will
cause the frangible portion to rupture thereby
forming an opening in the closed end of the tubular
member;

a plurality of vanes formed on the stem and extending
therefrom at right angles, at least two of the plural-
ity of vanes terminating in a spur; and

a plurality of flying buttresses formed on the stem at
another end of the vanes and extending at right

angles from the stem.
* ¥ X% * =%
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